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Novel technique for endovascular salvage of a
folded aortic endograft
Joseph J. Ricotta II, MD, and Rafael D. Malgor, MD, Rochester, Minn
Endovascular aneurysm repair (EVAR) has been established as a safe and effective treatment modality for infrarenal
abdominal aortic aneurysms. Endograft migration resulting in a proximal type I endoleak can be one of the most difficult
challenges following EVAR. Often, this precludes endovascular treatment and necessitates conversion to open surgical
repair. We report a case of a high-risk patient who presented with impending abdominal aortic aneurysm rupture as a
result of endograft migration following EVAR performed 5 years prior. The endograft had folded over on itself within
the aneurysm sac and was successfully repaired using a total endovascular approach. (J Vasc Surg 2010;52:785-9.)Endograft migration has been reported in up to 16% of
endovascular aneurysm repair (EVAR) cases, causing type I en-
doleaks in 25% and can pose a daunting challenge for endovas-
cular repair and may require conversion to open surgery.1 We
report a case of a patient with a rapidly expanding, symp-
tomatic large abdominal aortic aneurysm (AAA) 5 years
following an EVAR procedure, as a result of a migrated
endograft and large proximal type I endoleak. Computed
tomography (CT) scan demonstrated that the endograft
had migrated caudally into the aneurysm sac and folded
over on itself. The patient was deemed unfit for open
surgery and underwent endovascular repair using a tech-
nique that we describe herein.
CASE REPORT
A 71-year-old morbidly obese (430 lbs) male previously un-
derwent EVAR in 2003. His past medical history included hyper-
tension, hyperlipidemia, severe chronic obstructive pulmonary dis-
ease requiring home oxygen, congestive heart failure, and previous
stroke with residual left hemiparesis. He suffered a myocardial
infarction 4 weeks prior to presentation and echocardiography
demonstrated an ejection fraction of 30%. At the time of the
EVAR procedure, the patient was asymptomatic and the AAA
measured 6.4 cm with a proximal infrarenal neck diameter of
26 mm and length of 18 mm. An AneuRx (Medtronic Corp,
Minneapolis, Minn) endograft, with a device diameter of
28 mm, was successfully implanted to exclude the aneurysm. At
1-year follow-up, CT scan demonstrated a well-positioned en-
dograft with no evidence of endoleak and a decrease in aneu-
rysm sac size from 6.4 cm to 5.8 cm.
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and 5 years post-EVAR was referred to the Emergency Depart-
ment at our institution complaining of abdominal pain and
shortness of breath. A CT angiogram revealed a large proximal
type I endoleak with caudal migration of the endograft that was
folded over on itself and had fallen down into the aneurysm sac
(Fig 1). The aneurysm had increased to 7.8 cm, and the aortic
neck, which was reverse-tapered, had dilated to a diameter of 33
mm with a length of 16 mm. The patient was considered
high-risk for open surgical conversion, and we elected to pro-
ceed with endovascular repair of this large type I endoleak.
In a dedicated endovascular operating room, both common
femoral arteries were exposed under local anesthesia. Aortogram
demonstrated the large type I endoleak with the main body of the
endograft folded over on itself within the aneurysm sac (Fig 2, A
and B). Access was gained to both limbs of the endograft using a
glide wire and catheter. Two 14-mm  4-cm balloons were
advanced over stiff wires through each limb of the graft and inflated
causing the main body of endograft to partially straighten out and
unfold its proximal portion (Fig 3, A, B, C, and D).
The left brachial artery was accessed percutaneously and a
25-mm gooseneck snare was advanced to the infrarenal aorta (Fig
4,A), and both stiff wires, on which the two balloons were placed,
were successfully snared and pulled cephalad from the left arm with
the balloons inflated straightening the endograft (Fig 4, B). An-
giography revealed a 7-cm distance between the lowest renal artery
and the proximal edge of the endograft and 10 cm from the lowest
renal artery to the endograft flow divider. The infrarenal aortic
neck diameter was confirmed by intravascular ultrasound to mea-
sure 33mm. Both balloons were removed, but forward tension was
kept on the stiff wires using the snare from the left arm to prevent
the endograft from folding over again. To repair the endoleak, we
placed a 37-mm  10-cm TAG (Gore Medical, Flagstaff, Ariz)
thoracic endograft just below the renal arteries with its distal extent
landing just above the flow-divider of the AneuRx graft. (Fig 5,A).
On completion angiography, the type I endoleak resolved
entirely and there was brisk flow through both limbs of the
bifurcated AneuRx graft (Fig 5, B). The patient recovered well, was
discharged from the hospital on the second postoperative day, and
at 12 months postprocedure, has had an uneventful, asymptomatic
follow-up with no further complications. CT scan at 12 months
demonstrates that the AAA sac has decreased from 7.8 cm to 6.9
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Despite lower early morbidity and mortality than open
surgical repair,1 the durability of EVAR and its long-term
results remain unknown. Long-term morbidity following
EVAR such as endoleak, graft migration, and postoperative
AAA rupture has been reported in several series.2,3 Al-
though the incidences of those complications are not ex-
ceedingly high at 17%, 3%, and 2%,4 respectively, they may
have dire consequences with the potential to lead to AAA
rupture and death.
Endoleaks are classified into five types according to
Fig 1. Preoperative CTA showing an AneuRx aortic en
was folded over on itself creating a large type I endoleak.
between the proximal edge of the stent graft and the ao
Fig 2. A, Intraoperatively angiogram showing a bent en
between endograft and left renal artery and large type Ietiology.3 Type I endoleak, as discovered in our case, isdefined as perigraft flow through the attachment site be-
tween aortic wall and the endograft. Subcategories defined
as type A, B, and C, where type IA consists of proximal end
of endograft detachment from the aortic wall, type IB of
distal end of endograft detachment, and IC of iliac occluder
detachment in cases of aorto-uni-iliac endografts. The case
presented herein was an example of a type IA endoleak.
Type IA endoleaks are often treated by placement of
extension cuffs, Palmaz stents, or deployment of another
bifurcated or aorto-uni-iliac stent graft (associated with
femoral-femoral bypass) within the previous one to ensure
ft that had migrated caudally into the aneurysm sac and
the stent graft within the aneurysm sac and the distance
eck (right side CTA image).
aft that migrated within the aneurysm sac. Note distance
leak, demonstrated by arrows inside aneurysm sac in B.dogra
Notedogrproximal seal of the leak.5,6 Alternatively, glue or coil
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Volume 52, Number 3 Ricotta II and Malgor 787Fig 3. A and B, Two 14- 4-cm balloons were advanced up into each limb of the endograft from the femoral arteries
and inflated causing the main body of stent graft to partially straighten out and unfold its proximal portion. C and D,
Illustration of the aforementioned steps.Fig 4. A,Goose neck snare advanced down into aorta through the left brachial artery.B andC, Stiff angled glide wires
snared from above and pulled cephalad completely straightening out the endografts.
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different rates of technical success.5,7 When endovascular
treatment of type I endoleaks is unsuccessful or not feasible,
conversion to open surgery is often undertaken.
Endograft explantation is performed as the last option
for patients with endoleaks refractory to endovascular treat-
ment who experience progressive aneurysm sac enlarge-
ment or symptoms of impending rupture such as abdomi-
nal or back pain, and a tender abdomen on physical
examination.8 In this case, the patient presented emer-
gently with abdominal pain. The most likely cause for
migration was failure to adequately oversize the endograft
to the infrarenal aortic neck at the original EVAR proce-
dure. At the time of initial EVAR, the proximal infrarenal
aortic neck diameter measured 26 mm. The implanted
AneuRx device was 28 mm, which is an over-sizing of only
8%, much less than the 15% to 20% recommended in the
device’s instructions for use. There was no straightforward
endovascular solution to treat the endoleak in our patient
such as proximal cuff extension, Palmaz stent placement, or
embolization because of the fact that the endograft had
folded over on itself within the aneurysm sac. We have
previously treated three similar cases with open conversion
and endograft explantation. However, in this case, we
believed that the patient was at high risk for surgical con-
version given his multiple comorbidities and elected to
attempt endovascular repair using the technique we have
described with the backup plan of open surgical conversion,
Fig 5. A,An aortic cuff extension (in this case a 37-mm
renal arteries and deployed to the flow divider of the rescu
type I endoleak. B, Completion angiogram demonstrat
patent right and left renal arteries.had it been unsuccessful.CONCLUSION
Endograft migration following EVAR can occur in up
to 21% of cases resulting in detachment of the proximal
portion of the endograft from the aortic wall and a type Ia
endoleak. This can lead to aneurysm growth, rupture, and
potentially death, and therefore, repair of large type Ia
endoleaks is recommended. Often, this can be accom-
plished via an endovascular approach; however, when en-
dovascular repair is not possible, conversion to open surgi-
cal reconstruction with endograft explantation is required.
We report a case of a high-risk patient who presented with
impending AAA rupture as a result of an endograft that had
migrated and folded over on itself within the aneurysm sac
creating a large type Ia endoleak. This patient was success-
fully treated using a total endovascular technique avoiding
open surgical conversion. We believe that the endovascular
technique we have described should be applied to all pa-
tients who present similarly with endograft migration and
folded over or bent devices prior to conversion to open
surgery and graft explantation. This approach is particularly
useful in those patients considered to be at high risk for
open surgery.
REFERENCES
1. Greenhalgh RM, Brown LC, Kwong GP, Powell JT, Thompson SG, and
participants. Comparison of endovascular aneurysm repair with open
repair in patients with abdominal aortic aneurysm (EVAR trial 1), 30-day
operative mortality results: randomised controlled trial. [see comment].
cm TAG thoracic stent graft) was deployed just below the
neuRx endograft to achieve proximal seal and resolve the
successful proximal seal with no residual endoleak and10-
ed A
ing aLancet 2004;364:843-8.
JOURNAL OF VASCULAR SURGERY
Volume 52, Number 3 Ricotta II and Malgor 7892. PrinssenM, Buskens E, Blankensteijn JD, and participants. Quality of life
endovascular and open AAA repair. Results of a randomised trial. Eur J
Vasc Endovasc Surg 2004;27:121-7.
3. Schermerhorn ML, O’Malley AJ, Jhaveri A, Cotterill P, Pomposelli F,
Landon BE. Endovascular vs open repair of abdominal aortic aneurysms in the
Medicare population. [see comment]. N Engl JMed 2008;358:464-74.
4. Ricotta JJ II, Malgor RD, Oderich GS. Endovascular abdominal aortic
aneurysm repair: part I. Ann Vasc Surg 2009;23:799-812.
5. Faries PL, Cadot H, Agarwal G, Kent KC, Hollier LH, Marin ML.
Management of endoleak after endovascular aneurysm repair: cuffs, coils,
and conversion. J Vasc Surg 2003;37:1155-61.
6. Cox DE, Jacobs DL, Motaganahalli RL, Wittgen CM, Peterson GJ.
Outcomes of endovascular AAA repair in patients with hostile neckanatomy using adjunctive balloon-expandable stents. Vasc Endovasc
Surg 2006;40:35-40.
7. Maldonado TS, Rosen RJ, Rockman CB, Adelman MA, Bajakian D,
Jacobowitz GR, et al. Initial successful management of type I endoleak
after endovascular aortic aneurysm repair with n-butyl cyanoacrylate
adhesive. J Vasc Surg 2003;38:664-70.
8. Johnson G Jr, McDevitt NB, Proctor HJ, Mandel SR, Peacock JB.
Emergent or elective operation for symptomatic abdominal aortic aneu-
rysm. Arch Surg 1980;115:51-3.Submitted Mar 7, 2010; accepted Mar 21, 2010.
